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(57) Abstract 

A biocompatible, lubricious, hydrophilic material useful for coating medical devices or for blending into polymer compositions 
intended for making medical devices comprises a terpolymer of 5 to 25 mole percent of a polymerisable monomer (1) having a polyethylene 
oxide unit with an average degree of polymerisation from 5 to 18 and a polymerisable carbon-carbon double bond, 5 to 30 mole percent of 
a polymerisable monomer (2) having a polyethylene oxide unit with an average degree of polymerisation from 19 to 65 and .polymerisable 
carbon-carbon double bond, and 45 to 90 mole percent of an alkyl methacrylate (3); (1) CH2-C(R)-CO-[-0-CH2-CH2-] n i-0-R where nl 
is from 5 to 18, and each R is independently H or CH 3 ; (2) CH 2 -C(R)-C0-{-0-CH2-CH 2 -J n 2-O-R where n2 is from 19 to 65, and each R 
is independently H or CH3; (3) CH 2 -C(CH3)-C02-(CH2) m -CH3 where m is from 3 to 17, which may be made by the aqueous emulsion 
polymerisation of the monomers. 
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BIOCOMPATIBLE LUBRICIOUS HYDROPHILIC MATERIALS 
FOR MEDICAL DEVICES 



In recent years there has been an increased awareness of the 
need for biocompatible materials for medical devices. 
Currently medical devices are typically made from synthetic 
polymeric materials such as po lyvi nylchlor i de ( PVC ) , 
polyurethanes (PU), polybutadienes (latex), polyamides (PA) 
and others. It has also been recognised that hydrophilic 
materials offer good b iocompa t i bi 1 i t y to medical devices when 
.in- contact with biological- fluids or living tissue. These~ 
hydrophilic materials significantly reduce adsorption of 
proteins and of cellular components such as platelets, 
leucocytes, erythrocytes and fibroblasts, and also reduce 
activation of intrinsic and extrinsic blood clotting 
pathways . 

In addition to the biocompat ibi 1 i ty of the material, the 
lubricity of the coating is also important, as it minimises 
patient trauma, and allows ease of insertion and removal of 
the device. An example of an important application of a 
biocompatible lubricious hydrophilic material is during chest 
drainage, which occurs after cardio-thoracic surgery. In 
this chest drainage procedure, preformed blood clots and 
whole blood is able to slide down the medical device such as 
thoracic drain catheter. This is achieved because of the 
lubricious (slippery) nature of the coated device, A 
biocompatible lubricious hydrophilic medical device can be 
used in other wound -drain- applicat ions-. 
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It has been well recognised that polyethylene oxide (PEO) 
(also called polyethylene glycol or PEG) when bound to a 
medical device offers good b iocompa t ib i 1 i ty , lubricity and 
hydrophi licity . US patent No 4,424,311 discloses a 
polymerisable PEO monomer having polyethylene oxide unit with 
a carbon-carbon double bond which is grafted on to PVC or 
vinyl chloride-vinyl acetate copolymer or vinyl 

chloride-vinyl acetat e-ethy lene terpolymer. Disadvantages of 
grafting PEO are that it is a lengthy procedure and the 
grafted PEO units are unevenly distributed. Therefore, 
homogenous coverage on the surface is not achieved, which 
results in reduced biocompat ibi 1 i ty and lubricity. 

In another US patent, No 5,075,400, PE.Q containing a 
polymerisable carbon- carbon double bond is polymerised, in 
toluene, with methyl methacrylate or ethyl me thacry lat e . The 
resultant polymer, which is referred to as supersurf actant , 
is predominantly water soluble and is adsorbed onto various 
polymeric surfaces from water, wa ter/e thanoi mixtures, or 
ethanol. A disadvantage of these polymers is that they act 
as surfactants, are adsorbed on to the surface and therefore 
would be readily de-sorbed from the surface when they are in 
contact with biological fluids such as blood, as blood has 
surfactant properties. Similarly, the lubricious properties 
would also be lost since the adsorbed surfactant is not 
stable on the surface. Another disadvantage is that the 
polymer super surf actant is synthesised by solution 
polymerisation in toluene and as a result high molecular 
weight polymer containing PEO would be difficult to produce, 
since PEO polymers have limited solubility in toluene. 

It is an object of the present invention to mitigate or 
overcome some of the aforementioned disadvantages encountered 
in the prior art. 
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The present invention is concerned with biocompatible, 
lubricious, hydrophilic materials suitable for use in medical 
devices or otherwise. It is proposed that the materials may 
be used to coat a substrate such as a medical device or may 
be blended into a polymer composition prior to formation of 
the medical device or other article. The invention extends 
to polymers, their production methods, and their uses as 
coatings or components of articles of manufacture. 

In one aspect of the present invention a biocompatible, 
lubricious, hydrophilic material for medical devices or other 
applications can be produced by aqueous emulsion 
polymerisation to yield a polymer with the desired 
hydrophobic and hydrophilic domains, not. conventionally 
obtained by solution polymerisation, wherein the emulsion 
polymer produced is a stable emulsion having high molecular 
weight . _ . . .. 

In accordance with a more specific aspect of the invention, 
there is provided a biocompatible, lubricious, hydrophilic 
material comprising a terpolymer of 5 to 25 mole percent of a 
polymerisabie monomer (1) having a polyethylene oxide unit 
with an average degree of polymerisation from 5 to 18 and a 
polymerisabie carbon-carbon double bond, 5 to 30 mole percent 
of a polymerisabie monomer (2) having a polyethylene oxide 
unit with an average degree of polymerisation from 19 to 65 
and polymerisabie carbon-carbon double bond, and 45 to 90 
mole percent of an aikyl methacrylate (3): 

( 1 ) CH 2 =C(R)-CO-[-0-GH 2 -CH2-] n i -0-R 

where n1 is from 5 to 18, and each R is independently H 
or CH3 

(2) CH2=C{R)-CO-[-0-CH2-CH 2 -] n2-0-R 

_ whe r e— n 2~ i s f rom-1-9— t-o- 65, and— each - R~ is" TndepehdentT^ — 

or CH 3 
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(3) CH2=C(CH 3 )-C02-(CH 2 ).-CH 3 
where m is from 3 to 17. 

Monomers (1) and (2) are hydroxy or, preferably, methoxy 
polyethyleneglycol acrylates or, preferably, methacry lates , 
and provide the hydrophilic moieties in the terpolymer. 
Monomer (3), ranging from butyl to octadecyl methacry late , 
provides the hydrophobic moieties. 

The preferred molar proportions of (1), (2) and (3) are about 
15Z each of (1) and (2) and 70Z of (3). In weight terms, 
proportions of 6 to 201 of (1), 40 to 8QX of (2) and 10 to 
5051 of (3) are generally appropriate. 

It is preferred that monomer (1) has polyethylene oxide units 
with a degree of polymerisation n1 from 5 to 12, more 
©specially a degree of pol^erisation n1 from 5 to 10. 

It is preferred that monomer (2) has polyethylene oxide units 
with a degree of polymerisation n2 from 20 to 50, more 
especially a degree of polymerisation n2 from 22 to 48. 

It is preferred that monomer (3) is n-butyl methacry 1 a t e . 

The incorporation of significant proportions of monomer (2) 
of higher molecular weight than monomer (1) allows the 
formation of a solid dry powdery product with advantageous 
properties of handling, processing and storage. 

The production of a terpolymer by polymerising monomers (1), 
(2) and (3) may be carried out in water to produce an aqueous 
emulsion polymer which is stable, having high molecular 
weight. 
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The production of the terpolymer in water differs 
significantly from production in organic solvents in two 
respects. 

a) Higher molecular weights of the terpolymer can be 
achieved by emulsion polymerisation than by solution 
polymerisation in organic solvents, as PEO solubility 
decreases with increasing molecular weight for 
polymerisation carried out in organic solvents such as 
toluene, ethyl and butyl acetate, alcohols etc. 

b) Aqueous emulsion polymerisation allows polymers to be 
produced where the hydrophobic monomer (3) is phase 
separated to a certain degree to* produce a polymer 
having hydrophilic and hydrophobic domains. This allows 
the polymer to be adsorbed, solvent welded or blended 
with PVC, polyurethanes, po lybutadi enes and the like. 
Polymerisation of the above three monomers (1), (2) and 
(3) in organic solvents produces polymers which are 
random, and phase separated domains of hydrophilic and 
hydrophobic do not occur. This results in poor adhesion 
of the polymer on to PVC, polyurethanes, po lybutadienes 
and the like. 

Aqueous emulsion polymerisation of monomers (1), (2) and (3) 
can be initiated by conventional water soluble initiators 
such as potassium persulphate. After polymerisation, the 
terpolymer is dialysed against water to remove unreacted 
monomer and the resultant polymer is freeze dried, spray 
dried or treated by other means to obtain a dry powder. 

The resultant terpolymer may then be dissolved in organic 
solvents, such as alcohols, acetone or t e t rahydrof uran (THF) 
or mixtures thereof, and coated on to prefabricated devices, 
or blended with other polymers, such as PVC, polyurethanes, 
polybutadienes and the like. 
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The coating of the terpolymer on to medical devices made from 
PVC, PVC blended with other polymers such as polyurethanes , 
vinyl chloride-vinyl acetate copolymer or vinyl chloride- 
vinylacetate-ethy lene terpolymer, PU , PA and the like can be 
carried out by dripping, spraying or any other means by which 
a homogenous coating may be obtained on the substrate, 
followed by any necessary drying out. 

Depending on the choice of the solvent and substrate the 
coating can be adsorbed onto the surface or it can be solvent 
welded. For instance, if the coating is dissolved in a 
solvent such as THF and the substrate to be coated is 
polyethylene (PE), only an adsorbed coating will be produced, 
since THF is a non-solvent for PE . Lf^however the substrate 
is PVC the coating can be classified as being solvent welded, 
since THF is a known solvent for PVC. The terpolymer 
penetrates deep into the PVC polymer, thereby producing a 
very durable biocompatible, lubricious, hydrophilic coating 
on the PVC substrate. 

As for polybutadiene (latex rubber), the terpolymer can be 
coated onto a preformed device from a suitable organic 
solvent; or the emulsion polymer, after dialysis, can be 
added directly to and blended with the latex and a medical 
device can then be fabricated from the mixture. 

Similarly, for treating polyurethanes, the terpolymer can be 
coated onto a preformed device from a suitable solvent or it 
can be melt-mixed with the polyurethane and then the device 
fabricated. 

Example 1 

Methoxy polyethy leneglycol raethacry lates (monomers (1) and 
(2), R being methyl throughout) were purchased from 
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International Speciality Chemicals, UK. Butyl methacrylate 
(monomer (3), m being 3) and potassium persulphate were 
purchased from Aldrich Chemical Co., UK. 

192g Methoxy polyethyleneglycol methacrylate with molecular 
weight of 2000 and with a polyethylene oxide unit number n2 
of approximately 45 (0.1 mole) ( MPEG 200 OMA ) was added to 
100ml of water. On dissolving the MPEG2000MA, 36g of methoxy 
polyethyleneglycol methacrylate with a molecular weight of 
350 and with a polyethylene oxide unit number n1 of 
approximately 8 (0.1 mole) (MPEG350HA) was added, together 
with 72g of n-butyl methacrylate (0.46 mole). The molar 
proportions of MPEG350MA (1): MPEG2000MA (2): n-butyl 
methacrylate (3) were accordingly 15:154-70. 

A 2 litre three-necked round bottom flask fitted with a 

ref lux condenser , a thermometer - and a nitrogen bleed- was 

charged with 1180ml of distilled water and heated to 80"C. 
The monomer solution was poured into the reaction vessel and 
polymerisation was initiated with the addition of 2g of 
potassium persulphate. The reaction was allowed to proceed 
for 10 minutes and then the reaction vessel was cooled to 
room temperature. A milky white viscous aqueous emulsion 
polymer resulted. The polymer was dialysed against water for 
24 to 48 hours. The dialysed polymer was then freeze dried 
to obtain a white powder with a yield of SOX. 

Aqueous based Gel Permeation Chromatography (GPC) was 
conducted on the aqueous emulsion after dialysis. The 
emulsion polymer had a molecular weight distribution in the 
range 40-70 ki lodal tons . 

Other monomer concentrations within the embodiments of this 
invention were also used to synthesise the aqueous polymer 
emu 1 s ions . " "A 1 T~ p b 1 yrne ts~ syn the sis ed g av e mo 1 e eu 1 ar~wei'ght~ ~ 
distributions in the range 40-70 kilodaltons. 
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Example 2 

Adsorption and solvent welding of terpolymer on to 
hydrophobic surfaces . 

a ) Adsorption 

Test pieces of low density polyethylene (PE) sheets were 
cut in 2cm a pieces and then dipped into a THF solution 
containing 1 . 5Z w/v of the terpolymer produced in 
Example 1 . The PE sheets were allowed to dry at room 
temperature for 24 hours. 

b ) Solvent Wei ding 

Thoracic drain catheters (supplied,by Portex Ltd, UK) 
made from plasticised PVC were dipped into a THF 
solution containing 1 .51 w/v of the terpolymer produced 
in Example 1 and allowed to dry at room temperature for 
24 hours . 

Example 3 

PE sheets and PVC tubing coated as in Example 2 were then 
assessed for platelet adhesion using whole blood from 
volunteers. Platelet adhesion on coated and uncoated test 
samples was measured using standard ATP luminescence 
technique. 

Table 1 shows the results of platelet adhesion studies. The 
results clearly show that there is a dramatic reduction in 
platelet adhesion on coated samples relative to the uncoated. 
There is a greater than 90% reduction in platelet adhesion on 
coated samples. 
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Table 1 

Platelet Adhesion (platelets x 10 6 ) 





Volunteer Number 




1 


2 


3 


4 


Mean 


Uncoated PE 


78 .08 


90.67 


97 . 54 


104.08 


72.19 


Coated PE 


4 . 32 


6. 45 


5.88 


5 .89 


5.635 


Uncoated PVC tubing 


54 .02 


73 . 36 


69. 31 


108.04 


76.18 


Coated PVC tubing 


4.21 


4 .77 


5.74 


3 .08 


4.45 



Example 4 



PVC tubing was coated with the terpolymer as described in 
Example 2 and then tested for whole Kloqd clotting times 
using Modified Lee White Test. 

. Appr oxima tely — 1 Qmls of — b lood was—wi thdrawn -by- c lean —— — 

venepuncture from healthy human volunteers. A known volume 
of blood was transferred into the PVC tubing which was 
clamped at one end. At approximately 15 second intervals the 
tubes were removed from a water bath (bath temperature -37*C) 
and examined for any clot formation. Time taken for the 
blood to clot was recorded to the nearest quarter of a 
minute . 

Table 2 shows the results of the above experiment. The 
results clearly show that the clotting time for the coated 
samples was double that of the uncoated samples. 



Table 2 

Modified Lee White Test (Time: minutes) 



U n c o a t e d"~P VC tub i rig 
Coated PVC tubing 



Volunteer Number 



1 



— 5.25 
1 1 . 00 



—5—5-0- 
10.5 



—5—25- 
1 1 .00 



— 5~:~3 3 
10 .83 
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CLAIMS 

1. A biocompatible lubricious, hydrophilic material which comprises a terpolymer of 
from 5 to 25 mole percent ot* a first monomer (I) having the formula 

CH : =CH(R)-CO-|-0-CH 2 CH r l„|-0-R l 
wherein R and R 1 are independently H or CH 3 and n, is from 5 to 18 

from 5 to 30 mole percent of a second monomer (2) having the formula 

CH^CHCRi-CO-l-O-CHXH.-l.o-O-R 1 
where R and R 1 are independently H or CH, and n : is from 19 to 65. and 

from 45 to 90 mole % of an alky 1 methacryiate (3) having the formula 

CH : =C(CH J-CO r (CH 2 ) m -CH x 
wherein m is from 3 to 17. 

\- 

2. A terpolymer according to Claim 1 wherein R ! in the first and second monomers 
isCH; 

3. A terpolymer according to Claim 1 or 2 which comprises ft to 20% by weight of 
the first monomer (1 h from 40 to 80% by weight of the second monomer (2). and from 10 
to 50% by weight of the alkyl methacryiate (3), 

4. A terpolymer according to any one of Claims I to 3 wherein n, is from 5 to 10. 

5. A terpolymer according to any one of Claims 1 to 4 wherein n ] is from 22 to 48. 

6. A terpolymer according to any one of Claims 1 to 5 wherein the alkyl methacryiate* 
is butyl methacryiate. 
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7. A rerpolymer according to any one of Claims 1 to 6 which is a block copolymer 
with hydrophobic and hydrophilic domains. 

H. A method of producing a terpolymer according to Claim 7 which comprises 
subjecting the first monomer (1), the second monomer (2) and the alkyl methacrylate (3) 
to aqueous emulsion polymerisation, dialysing the resulting polymer against water to 
remove unreacted monomer, and drying the dialysed terpolymer. 

9. An article of manufacture having a lubricious biocompatible surface wherein said 
surface is provided by coating the article with a solution of a terpolymer according to anv 
one of Claims 1 to 7. 

10. A medical device which comprises an article according to Claim 9. 



11. A lubricious biocompatible polymer composition which comprises a blend of 
terpolymer according to any one of Claims 1 to 7 with a second compatible polymer, 

12. A medical device formed from a polymer composition according to Claim I 1 
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